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ABSTRACT 

We use a previously-developed model of wheal ^pply'^'l^eTto data from an experiment that 

system-level models of advanced space i e SU PP° ? • mass and cumu i ate d transpiration as a function of 

grew wheat under controlled conditions and measu nmnortional to the inedible biomass and an age 

Time. We examine the adequacy of modeling the transpiration as pr°P<™>na * optative growth in the 
factor, which varies during the life cycle. Results tndtca.e .ha, Ss double the rate 

first half of the life cycle, die rate of transpiration per urn, 

during the phase of grain development and maturanon dunng latter half of the cy . 

THE GROWTH MODEL 

We . «*i -o, * oi n 

components in a system-level model of a Contro o g . the S- shaped or sigmoidal curve typical of 

the model's form is that growth curves of most crops prominently s thisS-shapTci exponential growth 

biological systems. The solution to the logistic different^ ^ ^TebiotrL and « is time, 

followed by a leveling-off. In the log, sue equation. dMM - W *, the 

equation thus contains some biologically meaningful parameters. 

While the logistic equation can be applied directly to the powth 

the edible crop parts is here somewhat differently ^ (Mcd y However, the edible parts do 

reproduce and the total edible growth must be proportional to the i edible : t«cd> (helic products from the 

not produce their growing mass through photosynthesis, but " J^ld also appear in the edible 

initiated at t* with a minimum edible mass (Emm)- 1 hc * uu scl u ^ 
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t<t* : 

d^t s 0 


(2a) 

t>t*: 


(2b) 


* r , : n of rime* 1 , and all other parameters (M^. Mined* 
The parameters I and t* are in units of time, rined cd ^ system of equations ( 1 a-c) 

inedible masses, expressed using their respective ratios (w, s) of their wet ( ) 


B ~ kVcd Mq d + whined Mined 


(3) 
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Center'under coniroHtd '° h*'- ^ S ' Schwanzko P f W He pew wheat at the NASA Ames Research 

Center under controlled conditions of temperature, humidity, and atmospheric CO 2 (1200 ppm). Since we are not 

oZr nTr Z* "Z h ,° W Er ,° Wth ' S affetIed b Y chan 8” in these variables (except for humidity, see below) or 
(Ann) ** P anMn8 t enS " y V lh ' S da,a has been normali “<l to the total fresh biomass at day’ 60 

*■** *• - — * ^ 

models ihese uniis have been £m dry mas, ns-*, bot here she units nnyTe consnlered arbimily since to facilime 
toiTi P f~ S h h‘° Schwartzko ^ s data ’ lhc ««P« « normalized as a ratio between totalftesh biomass and the 

as the fraction ofZ^edfbleZvZ 15 ral '°’ T*’ “ “ GgUre U ^ ,Uso that ,he harvest ind «. defined 

0 4 fZm data /V Th Zn ^ b t°»^s.s— here approximately 25<W<2500+3700)-is consistent with the value of 
from data /5/. The only major unknowns that can influence the shape of the powth curve significantly are the 

tZt r ZZi Io Zay dj ' S,Cd '° Pr0dUCC “ reaSOnab,y aCCUrl ' e R * '° da,a ‘ 11 ’ e model — e *■»"« - f.gure I a 

transpiration formulation 

Transpiration will probably account for about half the energy balance in the plant powth system of a CELSS Bv 
.0 the' total ZedS bZZ'Zemfom “ h”™' *° * W " Spimion ra,e ^ uni * of « bi — W and 


* ~ y ^ined 


(4) 


Following general reasoning such as that given in Gates PI. y is a function of the difference between the partial 

(n'ZIZtsZfZoZi f* ' eaf (/, , H2 °:'“ f) and atmos P here ^HZOair) and a function of the stomatal resistance 
(/s), ich itself a complex function of various environmental factors including light, temperature, and CO 2 


Y = y* A h /, 


(5) 


Here we have written y as a product of a humidity factor (J% is a function of /»„ 20 leaf - Amo air ) a stomatal 

P^n^wnSrio^ ’ , 3 Um ‘ normal ' z ‘" 6 k cons,anl y*' and *" *«« f««or %). which accoums for changes in the 
p ant s transpiration rate per unit inedible biomass during its life cycle even when all environmental factors (A /,) 

are constant. A y = constant = 2.4 gm H 2 0 per gm dry inedible biomass per day (this gives a rough average of 
typical wheat under controlled environments /8/) was used by Rummel and Vollc/1/, but could not berested aoainst 
wL, U Z g T Zf Pa rV ,fe CyCle a ' th tL ,ime - S Sobwartzkopf lus been able ,0 uke deUiM 

™iZZoZ . C Z PanSOn l T* en m0deI ,nd d % ,he CumuU,ed m “»P ire d water at time r ( J Tdr ) is 
normalized .0 the cumulated transpired water at day 60 ( J* Tdf ). This ratio- j rdr ( J° Tdr )-l J is plotted 

from Z dZ ,,mC m , S T 1 b ' !? h alSO ^ ** “»•"«*"«*'» traSsptration rate T (here calculated 

om he data on cumulated water for any point using theorevious and subsequent points) also normalized to the 

figure 7c transpired water during the life cycle transpired during a given day; this ratio is plotted in 


Normalized cumulated transpiration = 

/°nii 

(6a) 

Normalized transpiration rate » 

oT°rdr 

(6b) 


Schwartzkopfs humidity controls kept the relative humidity <ih) at 0.35 at the beginning of the experiment but 
1 ZnT" 3 ‘h r Tt* # 1k ' he end /4/; ,he change wa * gradual and approximately linear. Assuming leaf rh = 
10 the final ZnrtiZ fr ° m L° 0A5 ’!** humidit y expressed in terms of rh and non-dimensionalired 

0 Sm 0 4511 ?o i m' S , m e " Z e p° Z* d lincar,y fr ° m M * “ ,he be 8' nn ' n g of the experiment ((1- 
and Zc’rZ ? ! ) end ' Fl,r,hermore - *e‘ Y *= 2.4 gm H20 per gm dry inedible biomass per day, 

**”*"*”*"*-■ '0for.be duration of the experiment. W* 


I!?'"*, haS/ * = 10 = con f an * (or ' 0 = °- *« bdow). Output from die model for cumulated transpiration 
piration rate is normalized to the cumulated transpiration at day 60 using equations 6a-b like the 
experimental data. Note this normalization effectively eliminates dependence of the results on -f. Results with / a 
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one-third of the life cycle. The underestimation is even clearer in die rate results, shown tigure 
one-half of the life cycle, the transpiration rate in the model is much too low. 

A second case explores the possibility that the transpiration rate per ^ 

when the plant is younger than when mature. A convenient way p , . ., f h [jf e cyc l e when the 

account the apparent steadiness of the transpiration rate during the second one^alf of the life cycle, whe 
inedible biomass itself is relatively maximum and constant, is to write/,, as a function of M.ncd 


/a = 1 + O (l 


MjnccA 
Joined J 


(7) 


when M med - *mcd- * nc muuci uul ^ ;ui v \ . . nv „„ii heiter fit to the data is apparent, in 

fe we havY nevenheless^emonMra"«l the ^ssilility of repenting the transpiration to varying 

degrees of accuracy with formulations that have physical meaning. 

CONCLUSION 

Model, such „ «... are dre M 

results, the logistic growth equations combined will t e assu P data and ^ pro bably be adequate in 

mass decreases during the life cycle of the crop wi gene yP ,. « , A physiological interpretation of this 
highly aggregated models of a CELSS. for examp^^e BLSS ^^.^°2,a,ions Z more detailed 
transpiration formulation an ^ COI "P^°" °f. . , E presently not applicable to a CELSS model) will 

agricultural systems. 
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cumulated transpiration, in” bLttwO Mnsptati™ ' °n ^ ‘° P ?- freSh biomass - (b - middle) 
Results in (b) and (c) are shown for twi values of a o ’ “ S described in ,he text, 

factor / a in the transpiration rate. When a = 0 f ic C °'\ *. * t ,ime ' d ependence of the age 
linearly from about 2 in early growth to about 1 in late growth (« text)" Result ^f d ' Creases . non ' 

do not vary as a function of a. See eauationx fix h ' K T , Resulls for b,om “s (a) 

transpiration and nomialized transpiratbn rate. * ' nm ° n ° f ,he norTn:llized cumulated 
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